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(57) ABSTRACT

What 1s presented 1s a cutting insert including a polygonal
plate-shaped insert main body that includes: two polygonal
surfaces; a side surface; and a cutting edge, the insert main
body has a mounting hole that 1s centered on an 1nsert center
line passing through centers of the two polygonal surfaces,
the cutting edge includes a major cutting edge extending
from a first end of a corner edge located at a corner of the
polygonal surface, and, in the opening of the mounting hole,
a plurality of protrusions protruding with respect to a boss
surface around an opening of the mounting hole are formed
at intervals 1n a peripheral direction 1n an mner periphery
side region of the major cutting edge.
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CUTTING INSERT AND CUTTING EDGE
REPLACEMENT TYPE CUTTING TOOL

TECHNICAL FIELD

The present mvention relates to a cutting insert that 1s
detachably mounted on an indexable cutting tool such as an
indexable end mill, and an indexable cutting tool on which
such a cutting insert 1s detachably mounted.

Priority 1s claimed on Japanese Patent Application No.

2018-110398, filed Jun. 8, 2018, the content of which 1s
incorporated herein by reference.

BACKGROUND ART

For example, Patent Document 1 discloses, as a cutting
isert and an indexable cutting tool, a cutting 1nsert having
a triangular plate shape 1n which an imsert main body has two
triangular surfaces each having a substantially triangular
shape with three comers, and an indexable cutting tool 1n
which the cutting insert 1s detachably mounted on an insert
mounting seat by a clamp screw which 1s inserted into a
mounting hole formed to penetrate the insert main body,
wherein one triangular surface of the cutting insert 1s caused
to serve as a rake face and to face in a tool rotation direction,
a corner edge formed at one cormner of the one triangular
surface 1s caused to face an outer periphery side of a tool
main body, a major cutting edge extending from a first end
of the one corner edge 1s caused to face a tip end outer
periphery side of the tool main body, and a minor cutting,
edge (a wiper edge) extending from a first end of the major
cutting edge 1s located substantially on a plane perpendicular
to a rotational axis of the tool main body.

In such a cutting msert, due to the major cutting edge that
faces a tip end side of the tool main body and goes toward
a posterior end side at a gentle angle with respect to the plane
perpendicular to the rotational axis as it goes toward the
outer periphery side of the tool main body, a thin chip is
generated in the major cutting edge on an inner periphery
side of the tool main body or in the above-described wiper
edge, and thus 1t 1s possible to suppress an increase 1n cutting
resistance even 1f the tool main body 1s fed at a high feed
amount. Therefore, an eflicient cutting operation can be
performed 1n the processing of a mold or the like. Further,
Patent Document 1 discloses that 1n a case 1n which a cutting
amount 1n a Z-axis direction 1s set to be large 1n inclination
cutting operation, a second minor cutting edge connected to
a first minor cutting edge also acts as a cutting edge.

CITATION LIST
Patent Literature

| Patent Document 1 |
Japanese Patent No. 5983901

SUMMARY OF INVENTION

Technical Problem

Meanwhile, 1n high feeding processing or a high cutting
operation by the indexable cutting tool on which such a
cutting nsert mounted, it 1s required to secure a good chip
discharging property. Particularly, in a case in which the
inclination cutting operation such as engraving a pocket on
a work material such as a mold as described 1n Patent
Document 1 1s performed, 11 the outflow direction of the chip
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1s not controlled, the chip 1s easily caught between the minor
cutting edge (the second minor cutting edge) extending from

the second end of the one corner edge facing the tip end side
of the tool main body toward the posterior end side of the
tool main body and an inner wall surface of the pocket as a
depth of the pocket increases, and a fracture may be gen-
crated 1 the minor cutting edge, which may make 1t
impossible to rotate the insert main body around the mount-
ing hole and to remount 1t for use.

Here, 1t 1s known that in such a cutting insert, a chip
breaker having a protrusion shape or the like 1s formed on
the rake face, and the chip 1s brought 1nto sliding contact
with the chip breaker, and thus resistance 1s given to the chip
and the outflow direction of the chip 1s controlled. However,
as described in Patent Document 1, the msert main body has
two triangular surfaces and 1s formed 1n a front-back mver-
sion symmetrical shape, and after the cutting edge of one
triangular surface is used, the insert main body 1s front-back
inverted and remounted. Therefore, 1n a double-sided cutting
insert that 1s configured to use the cutting edge of the other
triangular surface, 11 the chip breaker 1s formed on the rake
face unnecessarily, an area of close attachment between a
boss surface of the insert main body which 1s a plane
perpendicular to an insert center line passing through a
center of the mounting hole and a bottom surface of the
isert mounting seat of the tool main body which faces in the
tool rotational direction becomes small in general, which
may impair mounting stability of the cutting insert.

The present invention has been made 1 view of these
circumstances, and an object of the present invention 1s to
provide a cutting insert in which a fracture of a cutting edge
due to a chip being caught can be prevented without impair-
ing mounting stability of the cutting insert even 1f high
teeding processing, a high cutting operation, or an engraving
operation of a pocket 1s performed, and an indexable cutting
tool on which such a cutting insert 1s detachably mounted.

Solution to Problem

To solve the above-described problems and achieve such
an object, a cutting insert of the present imnvention includes:
a polygonal plate-shaped msert main body that includes: two
polygonal surfaces which have a polygonal shape and of
which one serves as a rake face and the other serves as a
seating surface; a side surface which is arranged around the
two polygonal surfaces and in which a flank face intersect-
ing with the rake face of the polygonal surfaces 1s formed;
and a cutting edge which 1s formed on an intersecting
ridgeline between the rake face and the tlank face, wherein
the mnsert main body has a mounting hole that penetrates the
insert main body centered on an insert center line passing
through centers of the two polygonal surfaces, has a rota-
tionally symmetrical shape with respect to the 1nsert center
line, and has a front-back inversion symmetrical shape with
respect to the two polygonal surfaces, wherein the cutting
edge 1ncludes at least a corner edge located at a corner of the
polygonal surface and a major cutting edge extending from
a first end of the corner edge, and wherein, 1n an opening of
the mounting hole 1n the two polygonal surfaces, a plurality
of protrusions protruding with respect to a boss surface
formed on the polygonal surface around the opening of the
mounting hole are formed at intervals 1n a peripheral direc-
tion in an mner periphery side region of the major cutting
edge.

An imndexable cutting tool of the present mmvention 1s an
indexable cutting tool 1n which the cutting insert configured
in this manner 1s detachably mounted on an nsert mounting
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seat formed on an outer periphery of a tip end portion of a
tool main body which 1s rotated around an axis in such a
manner that a clamp screw which 1s inserted into the
mounting hole 1s screwed into a screw hole formed 1n a
bottom surface of the insert mounting seat which faces ina >
tool rotation direction, wherein, 1n the mnsert main body, one

polygonal surface of the two polygonal surfaces 1s caused to
serve as a rake face and to face 1n the tool rotation direction,
and the boss surface of the other polygonal surface 1s closely
attached to the bottom surface of the insert mounting seat,
wherein the mnsert main body 1s mounted 1n such a manner
that the one corner edge of the one polygonal surface faces
an outer periphery side of the tool main body and the one
major cutting edge extending from a first end of the one
corner edge 1s caused to face a tip end side of the tool main
body, and wherein accommodation recesses for accommo-
dating the protrusions of the other polygonal surface are
formed around an opeming of the screw hole in the bottom
surface of the insert mounting seat. 20

In the cutting insert and the indexable cutting tool having,
the above-described configuration, the plurality of protru-
s1ons protruding with respect to the boss surface formed on
the polygonal surface around the opening of the mounting,
hole are formed on the opening of the mounting hole 1n the 25
two polygonal surfaces of the insert main body at intervals
in the peripheral direction in the inner periphery side region
of the major cutting edge, and thus the protrusions act as
chip breakers and the outflow direction can be controlled. In
particular, since the protrusions are formed at intervals 1n the 30
peripheral direction, the chip brought into sliding contact
with the protrusions can be guided to a portion between the
protrusions, and the outflow direction of the chip can be
controlled.

Meanwhile, since the protrusions are formed at intervals 35
in the peripheral direction in this manner, the boss surface
can be closely attached to the bottom surface of the insert
mounting seat of the tool main body up to a space between
the protrusions in the opening of the mounting hole and
mounting stability of the cutting insert can be secured. 40
Moreover, since the protrusions are formed 1n the opening of
the mounting hole on the mnermost periphery side of the
boss surface, the area of close attachment to the bottom
surface of the nsert mounting seat in the outer peripheral
portion of the boss surface does not become small, and thus 45
it 1s possible to more reliably stabilize the mounting of the
cutting insert.

Preferably, in the protrusions, furthest protruding portions
which protrude furthest from the boss surface extend with a
predetermined length around the opening of the mounting 50
hole. Since the furthest protruding portions of the protru-
sions which protrude furthest from the boss surface extend
around the opening of the mounting hole with a predeter-
mined length, 1t 1s possible to reliably bring the chip into
sliding contact with the protrusions and to control the 55
outtlow direction, and it 1s possible to prevent wear of the
protrusions due to sliding contact of the chip.

Preferably, 1n a case in which the furthest protruding
portions extend with a predetermined length, for example,
the length of each furthest protruding portion 1n the periph- 60
eral direction of the opening portion of the mounting hole 1s
in a range ol 5% to 8% with respect to a periphery length of
the entire periphery of the opening of the mounting hole.

To control the outflow direction of the chip, the furthest
protruding portions preferably extend at a predetermined 65
protruding height, but 1n some cases, wavy protrusions
having a plurality of protruding ends 1n which the furthest
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protruding portions and portions slightly lower than the
turthest protruding portions are continuous in the peripheral
direction 1s possible.

Preferably, 1n the protrusions, when seen in a direction
facing the polygonal surface, furthest protruding portions
which protrude furthest from the boss surface are similarly
located between a straight line connecting the first end of the
corner edge and the insert center line to each other and a
straight line connecting a first end of the major cutting edge
on a side opposite to the first end of the corner edge and the
isert center line to each other. Accordingly, it 1s also
possible to reliably bring the chip that 1s generated by the
major cutting edge and flows out to the inner periphery side
of the rake face during high feeding processing or a high
cutting operation into sliding contact with the protrusions
and to control the outflow direction, and it 1s possible to
prevent the chip from coming nto sliding contact with the
clamp screw and to prevent wear of the clamp screw.

Preferably, in a case in which the insert main body has a
triangular plate shape in which each of the two polygonal
surfaces has three corners, when seen 1n the direction facing
the polygonal surface, the furthest protruding portions are
located 1n an angle range of 15° to 40° centered on the 1nsert
center line from the straight line connecting the first end of
the major cutting edge on the side opposite to the first end
of the corner edge and the insert center line to each other
toward the corner edge side. In a case in which the nsert
main body 1s mounted on the tool main body of the index-
able cutting tool, such an angle range 1s a portion which 1s
located on the mner periphery side of the tool main body 1n
the major cutting edge and at which a thin chip 1s generated,
and the furthest protruding portions of the protrusions are
disposed in the inner periphery side region of the major
cutting edge 1n such a portion, and thus the outflow direction
of the entire chip can be eflectively controlled and the
cutting resistance can be further reduced. Further, 1t is
possible to reliably prevent wear of the protrusions due to
the thick chip.

Preferably, in a case i which the cutting edge further
includes a minor cutting edge extending from the second end
of the corner edge toward the other cutting edge adjacent to
the second end side of the corner edge, the minor cutting
edge 1s formed to extend to a region of the boss surface at
least on a side opposite to the cormer edge, and 1n a portion
extending to the region of the boss surface, the minor cutting
edge 1s formed on an ntersecting ridgeline between an
inclined face that goes toward the polygonal surface side
opposite to the subject polygonal surface as it goes toward
an outer periphery side of the subject polygonal surface and
the flank face.

Therefore, at the portion which extends to the region of
the boss surface, it 1s possible to secure a large edge angle
of the minor cutting edge and to improve a cutting edge
strength. Thus, 1n a case 1n which the engraving operation of
the pocket 1s performed on the work material such as a mold,
for example, 1n a state in which the outtlow direction of the
chip 1s not sutliciently controlled, even if the chip tlows from
the one corner edge toward the minor cutting edge side
extending to the posterior end side of the tool main body and
1s caught between the mner wall surface of the pocket and
the minor cutting edge, it 1s possible to prevent a fracture
from being generated in the minor cutting edge.

In this case, 1n the outer peripheral portion of the polygo-
nal surface, the protruding ridge portion that protrudes with
respect to the boss surface 1s formed along the minor cutting
edge of a portion extending to the region of the boss surface,
and the inclined face 1s formed on an outer peripheral
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surface ol the protruding ridge portion facing the outer
periphery side of the polygonal surface. Therefore, even 1t
the chip flows toward the minor cutting edge side 1n a case
of the engraving operation as described above, before the
chip 1s caught between the minor cutting edge and the inner
wall surface of the pocket, the chip comes into shding
contact with an inner peripheral surface of the protruding
ridge portion that protrudes from the boss surface, which
faces the mner periphery side and receives resistance, and
thus the chip 1s curled. Therefore, 1t 1s possible to prevent the
chip from being caught. Here, the inclined face may be
formed 1n a chamiered shape that faces the opposite polygo-
nal surface side as 1t goes from the boss surface toward the
outer periphery side of the polygonal surface.

Meanwhile, 1n a case in which the boss surface 1s a plane
perpendicular to the insert center line as described above, an
inclined portion that is inclined to protrude 1n a direction of
the 1nsert center line as 1t goes from the boss surface toward
the cutting edge side 1s formed on the polygonal surtace.
Therefore, 1t 1s possible to increase a rake angle of the
cutting edge which 1s formed on the intersecting ridgeline
between the inclined portion and the flank face to a regular
angle side to ensure sharp cutting quality, and thus 1t 1s
possible to reduce the cutting resistance at the time of the
high feeding processing or the high cutting operation.

Further, 1n a case in which the inclined portion 1s formed
in this manner, in a cross section orthogonal to the major
cutting edge, the inclined portion has a first steeply inclined
portion that protrudes in the direction of the 1nsert center line
as 1t goes from the boss surface toward the major cutting
edge side, a gently inclined portion that 1s continuous with
the first steeply inclined portion on the major cutting edge
side and protrudes 1n the direction of the 1nsert center line at
a gradient gentler than the first steeply inclined portion as 1t
goes toward the major cutting edge side, and a second
steeply 1nclined portion that 1s continuous with the gently
inclined portion on the major cutting edge side and protrudes
in the direction of the 1nsert center line at a gradient steeper
than the gently inclined portion as 1t goes toward the major
cutting edge side. Therefore, when the chip flows from the
second steeply inclined portion to the gently inclined por-
tion, or when the chip tlows from the gently inclined portion
to the first steeply inclined portion, 1t 1s possible to give
resistance to the chip, and particularly it 1s possible to
improve a processing property of the chip at the time of the
high feeding processing.

Advantageous Effects of Invention

As described above, according to the present invention,
the fracture of the cutting edge due to the chip being caught
can be prevented without impairing the mounting stability of
the cutting insert on the 1insert mounting seat even if the high
feeding processing, the high cuftting operation, or the
engraving operation ol the pocket 1s performed, and stable
cutting can be performed over a long period of time.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view showing a first embodiment
of a cutting insert of the present invention.

FIG. 2 15 a plan view of the embodiment shown 1n FIG.
1 in a direction of an insert center line.

FIG. 3 1s a side view 1n a direction of arrow V in FIG. 2.

FIG. 4 1s a side view 1n a direction of arrow W 1n FIG. 2.

FIG. 5 1s a sectional view along line XX 1n FIG. 2.

FIG. 6 1s a sectional view along line YY 1n FIG. 2.
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FIG. 7 1s a sectional view along line ZZ 1n FIG. 2.

FIG. 8 1s a diagram showing a protruding height from a
boss surface around an opening of a mounting hole and a
cutting edge 1n a cross section along an insert center line of
the embodiment shown in FIG. 1.

FIG. 9 1s a perspective view of a tool main body in an
embodiment of an indexable cutting tool of the present
invention on which the cutting insert of the embodiment
shown 1n FIG. 1 1s to be detachably mounted.

FIG. 10 1s a bottom view of the tool main body shown 1n
FIG. 9.

FIG. 11 1s a plan view of the tool main body shown 1n
FIG. 9.

FIG. 12 1s a side view 1n a direction of arrow W 1n FIG.
10.

FIG. 13 1s an enlarged view of a portion A 1n FIG. 12.

FIG. 14 1s a side view 1 a direction of arrow X 1n FIG.
10.

FIG. 15 1s a side view 1n a direction of arrow Yin FIG. 10.

FIG. 16 1s a side view 1n a direction of arrow Z m FIG.
10.

FIG. 17 1s a perspective view showing the embodiment of
the indexable cutting tool of the present invention in which
the cutting insert of the embodiment shown 1 FIG. 1 has
been detachably mounted on the tool main body shown in
FIG. 9.

FIG. 18 1s a bottom view of the indexable cutting tool
shown 1n FIG. 17.

FIG. 19 1s a plan view of the indexable cutting tool shown
in FIG. 17.

FIG. 20 1s a side view 1 a direction of arrow W 1n FIG.
18.

FIG. 21 1s an enlarged view of a portion A i FIG. 20.

FIG. 22 1s a side view 1 a direction of arrow X 1n FIG.
18.

FIG. 23 15 a side view 1n a direction of arrow Y 1n FIG.
18.

FIG. 24 1s a side view 1n a direction of arrow 7 in FIG.
18.

FIG. 25 15 a perspective view showing a second embodi-
ment of a cutting insert of the present invention.

FIG. 26 1s a plan view of the embodiment shown 1n FIG.
25 1n a direction of an insert center line.

FIG. 27 1s a side view 1n a direction of arrow V in FIG.
26.

FIG. 28 1s a side view 1n a direction of arrow W 1n FIG.
26.

FIG. 29 1s a sectional view along line XX 1 FIG. 26.

FIG. 30 1s a sectional view along line YY in FIG. 26.

FIG. 31 1s a sectional view along line ZZ 1 FIG. 26.

FIG. 32 1s a perspective view showing a third embodiment
of a cutting insert of the present invention.

FIG. 33 1s a plan view of the embodiment shown 1n FIG.
32 1n a direction of an insert center line.

FIG. 34 1s a side view 1n a direction of arrow V in FIG.
33.

FIG. 35 15 a side view 1n a direction of arrow W 1n FIG.
33.

FIG. 36 1s a sectional view along line XX i FIG. 33.

FIG. 37 1s a sectional view along line YY in FIG. 33.

FIG. 38 1s a sectional view along line ZZ i FIG. 33.

FIG. 39 is a perspective view showing a fourth embodi-
ment of a cutting insert of the present invention.

FIG. 40 1s a plan view of the embodiment shown 1n FIG.
39 1n a direction of an insert center line.

FIG. 41 1s a side view 1n a direction of arrow V in FIG.

40.
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FIG. 42 1s a side view 1n a direction of arrow W 1n FIG.
40.

FIG. 43 1s a sectional view along

FIG. 44 1s a sectional view along

FIG. 45 1s a sectional view along

line XX 1n FIG. 40.
line YY in FIG. 40.
line Z7Z 1n FIG. 40.

DESCRIPTION OF EMBODIMENTS

FIGS. 1 to 8 show a first embodiment of a cutting insert
of the present invention, FIGS. 9 to 16 show a tool main
body 1n an embodiment of an indexable cutting tool of the

present invention on which the cutting insert of the embodi-
ment 1s to be detachably mounted, and FIGS. 17 to 24 show
the embodiment of the indexable cutting tool of the present
invention 1n which the cutting 1nsert of the embodiment has
been detachably mounted on the tool main body.

The cutting insert of the present embodiment includes a
polygonal plate-shaped insert main body 11 formed of a hard
material such as cemented carbide, and the msert main body
11 has a triangular plate shape in which each of two
polygonal surfaces 12 has three corners as shown in FIG. 2,
has a rotationally symmetrical shape with respect to an insert
center line L passing through centers of the two polygonal
surfaces 12 when seen 1n a direction facing the polygonal
surfaces 12, and has a front-back inversion symmetrical
shape with respect to the two polygonal surfaces 12.

When the two polygonal surfaces 12 are mounted on the
tool main body 21 of the indexable cutting tool as shown 1n
FIG. 17, one of the polygonal surfaces 12 serves as a rake
face and the other of the polygonal surfaces 12 serves as a
seating surface for an mnsert mounting seat 22 formed on the
tool main body 21. A flank face 14 that intersects with the
rake surface of the two polygonal surfaces 12 1s formed on
a side surface 13 of the msert main body 11 arranged around
the two polygonal surfaces 12, and a cutting edge 15 1s
formed on an intersecting ridgeline between the rake face
(the polygonal surface 12) and the flank face 14. In addition,
a mounting hole 16 which 1s for mounting the insert main
body 11 on the insert mounting seat 22 and which has a
circular cross section centered on the insert center line L 1s
provided 1n centers of the two polygonal surfaces 12 such
that the mounting hole penetrates the insert main body 11 in
a direction of the mnsert center line L to open.

When seen in the direction of the insert center line L, the
cutting edge 15 includes a corner edge 15a which 1s disposed
at three comers of the polygonal surface 12 and which has
a convex curved shape such as an arc, a major cutting edge
156 which extends from a first end (an end portion on a side
in a clockwise direction centered on the msert center line L
in FIG. 2) of the comer edge 15a 1n contact with the corner
edge 154 and which has a straight line shape or a convex
curve shape of which a radius of curvature 1s larger than that
of a convex curve formed by the comer edge 15a, and a
wiper edge 15¢ which extends in a direction intersecting
with the major cutting edge 155 at an obtuse angle 1n a first
end of the major cutting edge 156 and which has a straight
line shape or a convex curve shape of which a radius of
curvature 1s larger than that of a convex curve formed by the
major cutting edge 135b.

The cutting edge 15 further includes a minor cutting edge
154 which extends from the second end of the comer edge
15a 1n contact with the corner edge 15a and which has a
straight line shape when seen in the direction of the insert
center line L. The minor cutting edge 154 extends in a
direction intersecting with the wiper edge 15¢ of the other of
the cutting edges 15 adjacent to the second end side (a side
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in a counterclockwise direction centered on the insert center
line L 1n FIG. 2) of the one cutting edge 15 at an obtuse
angle.

In boundaries between the comer edge 15a, the major
cutting edge 155, the wiper edge 15¢, and the minor cutting
edge 15d, a boundary point between the cutting edges 1n a
case 1 which two curves having different radu1 of curvature
are connected to each other 1s set as a center point when the
radius of curvature changes by 10% or more. With the insert
center line L as a reference, the radii of curvature at this time
are obtained by measuring positions where a straight line
orthogonal to the insert center line intersects with the cutting
edge at intervals of 1 to 5 degrees. In a case in which a curve
and a straight line are connected to each other, the boundary
point between the cutting edges 1s set as a contact point
between the curve and the straight line. The straight line at
this time 1s a tangent to the curve. In a case in which two
straight lines are connected to each other, the boundary point
between the cutting edges 1s set as an intersection point
between the two straight lines.

The flank face 14 1s formed on each of edges of the side
surface 13 of the msert main body 11 on the side of the two
polygonal surfaces 12, and 1n a cross section along the insert
center line L, a plurality of insert constraining surfaces 17
extending in the direction of the center line L are formed
between the flank faces 14 in directions intersecting with
cach other when seen 1n the direction of the insert center line
L. In the present embodiment, the insert constraining sur-
faces 17 are flat surfaces parallel to the insert center line L
and are formed inside the major cutting edge 156 and the
minor cutting edge 154 in the direction of the insert center
line L. Between the insert constraining surfaces 17 that are
adjacent to each other, a portion which 1s located on the
inside of the corner edge 154 1n the direction of the insert
center line Lis connected as a convex curved surface.

Further, in the polygonal surface 12 which serves as a rake
face, a planar boss surface 12a perpendicular to the insert
center line L 1s formed around an opening of the mounting
hole 16, and the mounting hole 16 opens on the boss surface
12a. Furthermore, an inclined portion 125 that 1s inclined to
protrude 1n the direction of the insert center line L (outward
from the insert main body in the direction of the 1nsert center
line L) as 1t goes from the boss surface 12a toward the
cutting edge 15 1s formed on the cutting edge 15 side 1 an
outer periphery side of the polygonal surface 12 from the
boss surface 12a.

In the present embodiment, the entire length of the corner
edge 15a and the major cutting edge 155 of the cutting edge
15 and a portion of the minor cutting edge 154 which 1s 1n
contact with the comer edge 15a are formed in the inter-
secting ridgeline between the inclined portion 1256 and the
flank face 14. In the present embodiment, as shown in FIG.
7, 1n a cross section orthogonal to the major cutting edge
155, the inclined portion 125 1s inclined to protrude 1n the
direction of the insert center line L at a predetermined
inclination as it goes from the boss surface 12a toward the
major cutting edge 155 side, and has a positive land on the
major cutting edge 155 side. Further, a portion of the minor
cutting edge 154 on a side opposite to the corner edge 15a
extends to a region of the boss surface 12a.

Here, the cutting edge 15 protrudes furthest from the boss
surtace 12a 1n the direction of the insert center line L at a
periphery of the first end of the comer edge 154, retracts in
the direction of the 1nsert center line L as 1t goes away from
the first end of the corner edge 15a along the major cutting
edge 156 and the minor cutting edge 154, and retracts
turthest 1n the direction of the insert center line L at a portion
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of the minor cutting edge 154 at which the region of the boss
surface 12a 1s formed and a portion of the wiper edge 15c¢.

A plurality of protrusions 18 protruding with respect to
the boss surface 12a along the 1nsert center line L. (outward
from the insert main body 1n the direction of the insert center
line L) are formed on the opeming of the mounting hole 16
in the polygonal surface 12, that 1s, the opening of the
mounting hole 16 to the boss surface 124 at intervals in a
peripheral direction 1n an inner periphery side region of the
major cutting edge 155 of the polygonal surface 12 as shown
in FIGS. 1 and 2. The inner periphery side region of the
major cutting edge 155 1s a region on the polygonal surface
12 on the inside of the major cutting edge 155 toward the
center of the polygonal surface 12 when seen 1n the direction
tacing the polygonal surface 12, and 1s defined as a region
interposed between a straight line M1 connecting a first end
of the major cutting edge (a first end portion of the major
cutting edge 15b) and the center of the polygonal surface 12
to each other and a straight line M2 connecting the second
end of the major cutting edge 156 (a second end portion of
the major cutting edge 155) and the center of the polygonal
surface 12 to each other. Being formed at intervals 1n the
peripheral direction means that the plurality of protrusions
18 provided 1n a plurality of mner regions corresponding to
a plurality of the major cutting edges 1355 are provided at
intervals. In the cross section orthogonal to the major cutting
edge 1556 as shown 1n FIG. §, the protrusions 18 rise while
drawing a concave curve such as a concave arc which 1s 1n
contact with the boss surface 12a as i1t goes toward the 1nner
periphery side of the polygonal surface 12, protrude 1n the
direction of the mnsert center line L while drawing a convex
curve such as a convex arc which 1s 1in contact with the
concave curve and then retract, and are in contact with an
inner periphery of the opening of the mounting hole 16.

Here, a diagram A shown with white circles of FIG. 8
shows protruding heights of the opening of the mounting
hole 16 from the boss surface 12a 1n the cross section along,
the msert center line L of the cutting insert of the present
embodiment. As shown in FIG. 2, a position ol approxi-
mately 12 of the length of the wiper edge 15¢ of one cutting,
edge 15 1s set to 0°, and a protruding height of the opening
of the mounting hole 16 1n the cross section at each position
shifted by 5° each in the counterclockwise direction centered
on the insert center line L 1n FIG. 2 1s shown 1n the range of
120° up to a position of approximately 2 of the length of the
wiper edge 15¢ of the other cutting edge 15 that intersects
with the minor cutting edge 154 on the counterclockwise
side.

As shown 1n the diagram A of FIG. 8, 1n the peripheral
direction ol the opening of the mounting hole 16, the
protrusions 18 of the present embodiment are formed to
gradually protrude from the boss surface 12a toward furthest
protruding portions 18a having the furthest protruding
height, extend with a predetermined length around the
opening of the mounting hole 16 while maintaining the
turthest protruding height that 1s predetermined, and then
gradually retract in the direction of the insert center line L
so that the protruding height becomes to the height of the
boss surface 12a. However, the protrusions 18 may gradu-
ally protrude from the boss surface 12a and then gradually
retract without having the predetermined protruding height
and the predetermined length, or may have a wavy shape
that has a plurality of protruding ends as shown in a diagram
C with triangles of FIG. 8 1n which they protrude from the
boss surface 12a, retract with or without the predetermined
protruding height and the predetermined length, and then
protrude again.
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Further, as also shown 1n the diagram A of FIG. 8, in the
present embodiment, in the protrusions 18, the furthest
protruding portions 18a that protrude furthest from the boss
surface 12a are located within the mnner periphery side
region of the major cutting edge 15b. That 1s, when seen 1n
the direction facing the polygonal surface 12, as shown in
FIG. 2, the furthest protruding portions 18a of the protru-
sions 18 are located between the straight line M1 connecting
the first end of the corner edge 15q and the 1nsert center line
L to each other and the straight line M2 connecting the first
end of the major cutting edge 155 on the side opposite to the
first end of the comer edge 15a and the 1nsert center line L
to each other. The protruding height of the furthest protrud-
ing portions 18a of the protrusions 18 from the boss surface
12a 1s, for example, 1n the range of 0.1 mm to about mm as
shown 1n FIG. 8.

Further, in a diagram B shown with black circles 1n FIG.
8, the cross section along the insert center line L at the
position of approximately 12 of the length of the wiper edge
15¢ of one cutting edge 15 1s similarly set to the position of
0°, and the protruding height of the portion that protrudes
turthest from the boss surface 12a of a peripheral portion of
the cutting edge 15 in the cross section along the insert
center line L at each position shifted by 5° each in the
counterclockwise direction centered on the 1nsert center line
L 1n FIG. 2 1s shown 1n the range of 120° up to the position
ol approximately 14 of the length of the wiper edge 15¢ of
the other cutting edge 15. Here, regions indicated by refer-
ence signs 135a to 154 1n FIG. 8 are a region of the corner
edge 15a, a region of the major cutting edge 155, a region
of the wiper edge 15¢, and a region of the minor cutting edge
154 of the cutting edge 185.

Further, 1n the present embodiment, a protruding ridge
portion 19 that protrudes with respect to the boss surface 12a
(outward from the insert main body 1n the direction of the
insert center line L from the boss surface 12a) along the
minor cutting edge 154 extending to the region of the boss
surface 12q 1s formed on an outer peripheral portion of the
boss surface 12a. Similar to the protrusions 18, in the cross
section orthogonal to the minor cutting edge 154 as shown
in FIG. 6, the protruding ridge portion 19 1s also formed to
rise and protrude from the boss surtace 12a while drawing
a concave curve such as a concave arc which 1s 1n contact
with the boss surface 12a from the inner periphery side of
the polygonal surface 12 as 1t goes toward the outer periph-
ery side of the polygonal surface 12, to protrude in the
direction of the insert center line L while drawing a convex
curve such as a convex arc which 1s 1n contact with the
concave curve on the inner periphery side of the polygonal
surface 12 and then retract on the outer periphery side of the
polygonal surface 12 1in the direction of the insert center line
L, and to intersect with the flank face 14 via an inclined face
19a 1n a straight line shape which 1s inclined to the polygo-
nal surtace 12 side opposite to the subject polygonal surtace
12. The minor cutting edge 154 extending to the region of
the boss surface 12a 1s formed 1n the intersecting ridgeline
between the inclined face 19a and the flank face 14.

The position of the minor cutting edge 154 formed at the
intersecting ridgeline between the inclined face 19q and the
flank face 14 in the direction of the insert center line L 1s
equivalent to the positions of the boss surface 12a and the
wiper edge 15¢ 1n the direction of the 1nsert center line L. In
addition, as shown 1n the diagram B of FIG. 8, the protruding
ridge portion 19 also extends from the rake face of the
portion of the minor cutting edge 154 which 1s continuous
with the corner edge 15a to the side opposite to the corner
edge 15a with a predetermined protruding height and a




US 11,945,034 B2

11

predetermined length, and then extends such that 1t gradu-
ally retracts in the direction of the 1nsert center line L toward
the wiper edge 15¢ of the other cutting edge 15 which
intersects with this minor cutting edge 154 to lower the
protruding height. Here, the protruding height of the furthest
protruding portion 196 of the protruding ridge portion 19
which protrudes furthest from the boss surface 12a 1s lower
than the protruding height of the furthest protruding portions
18a of the protrusions 18.

Here, the cutting insert having the insert main body 11
formed of the hard material such as the cemented carbide i1s
manufactured according to the basic process of powder
metallurgy. That 1s, 1n a case 1n which the isert main body
11 1s made of the cemented carbide, powder press forming
with a mold 1s performed using a granulated powder con-
taining tungsten carbide powder and cobalt powder as main
components, and optionally chromium, tantalum, and the
like as sub components. A press formed body thus obtained
1s sintered for a predetermined time 1n a sintering furnace
controlled to an appropnate atmosphere and temperature,
and thus 1t 1s possible to manufacture a sintered body to be
the msert main body 11. The basic shape of the 1nsert main
body 11 1s reflected by the design of the mold, and the
detailed shape of the msert main body 11, that 1s, the shape
of the protrusions 18, the protruding ridge portion 19, the
inclined portion 125, or a gently inclined portion or a steeply
inclined portion that will be described later 1s obtained by
mold forming.

The cutting 1insert of the present embodiment as described
above 1s detachably mounted on the mnsert mounting seat 22
formed on the outer periphery of the tip end portion of the
tool main body 21 of the indexable cutting tool such as an
indexable end mill as shown in FIGS. 9 to 16, and consti-
tutes the indexable cutting tool according to an embodiment
of the present invention as shown in FIGS. 17 to 24. The tool
main body 21 has a substantially cylindrical shape centered
on an axis O, and at the time of cutting operation, a posterior
end portion thereof 1s gripped by a main shaft of a machine
tool and 1s rotated around the axis O in a tool rotation
direction T, so that the cutting insert of the above-described
embodiment mounted on the insert mounting seat 22 per-
forms the cutting operation on a work material.

A plurality of (five 1in the present embodiment) chip
pockets 23 are formed on the outer periphery of the tip end
portion of the tool main body 21, and the msert mounting
seat 22 1s formed 1n a concave shape on an outer periphery
of a tip end portion of a wall face of the insert pocket 23
which faces the tool rotation direction T, and includes a
planar bottom surface 22a that faces the tool rotation direc-
tion T side, and a plurality of planar wall surfaces 225 that
are disposed at intervals on the tool rotation direction T side
from the bottom surface 22a and can come into contact with
the 1nsert constraining surface 17 of the insert main body 11.

Further, a screw hole 22¢ into which a clamp screw 24
inserted into the mounting hole 16 1s screwed 1s formed 1n
the bottom surface 22a, and accommodation recesses 22d
for accommodating the protrusions 18 formed on the open-
ing of the attachment hole 16 of the other polygonal surface
12 serving as the seating surface of the msert main body 11
are formed around an opeming of the screw hole 22¢. When
seen from the tool rotation direction T side, as shown 1n FIG.
12, the accommodation recesses 22d are formed 1n a shape
in which a plurality of (three) crescent-shaped recesses for
accommodating the plurality of (three) protrusions 18 are
tformed around a circular recess centered on the screw hole
22¢ at equal intervals 1n a peripheral direction.
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The cutting insert of the above-described embodiment 1s
seated on the 1nsert mounting seat 22 in such a manner that
one polygonal surface 12 of the msert main body 11 1is
caused to serve as the rake face and to face the tool rotation
direction T side, the boss surface 12a of the other polygonal
surface 12 1s closely attached to the bottom surface 22a of
the insert mounting seat 22, and the protrusions 18 protrud-
ing with respect to the boss surface 12a are accommodated
in the accommodation recesses 22d. At this time, the corner
edge 15a located at one corner of the one polygonal surface
12 protrudes to the outer periphery side of the tool main
body 21, and the major cutting edge 155 extending {from a
first end of the corner edge 135a faces the tip end side of the
tool main body 21.

Further, 1n a state 1n which the cutting insert 1s seated on
the 1nsert mounting seat 22 in this manner, the wiper edge
15¢ extending from a first end of the major cutting edge 155
facing the tip end side of the tool main body 21 1s disposed
to have a concavity angle of 2° or less with respect to a plane
perpendicular to the axis O. That 1s, the wiper edge 15¢ 1s
disposed along the plane perpendicular to the axis O, or 1s
disposed to be inclined such that 1t goes toward a posterior
end side of the tool main body 21 at an angle of 2° or less
with respect to this plane as 1t goes toward the inner
periphery side of the tool main body.

The cutting 1nsert seated on the insert mounting seat 22 1n
this manner 1s fixed by screwing the clamp screw 24 mserted
into the mounting hole 16 of the 1insert main body 11 1nto the
screw hole 22¢ of the bottom surface 22a of the insert
mounting seat 22. At this time, the insert constraiming
surtace 17 of the side surface 13 that is continuous with the
cutting edge 15 not used for cutting in the msert main body
11 1s brought into contact with the wall face 225 of the msert
mounting seat 22 to constrain the rotation of the msert main
body 11 around the insert center line L.

The indexable cutting tool to which the cutting insert 1s
mounted 1n this manner 1s fed 1n a direction perpendicular to
the axis O while being rotated around the axis O during
normal cutting, so that the work material 1s cut exclusively
by the corner edge 15a protruding to the outer periphery side
of the tool main body 21, and the major cutting edge 155 and
the wiper edge 15¢ which are continuous with a first end of
the corner edge 154a. Further, 1n an engraving operation of a
pocket by inclination cutting operation, the tool main body
21 1s also fed to the tip end side in the axis O direction, and
cutting 1s also performed by the minor cutting edge 154
intersecting with the wiper edge 15c.

Here, the major cutting edge 155 has a straight line shape
or a convex curve shape having a larger radius of curvature
than the corner edge 13a, and the wiper edge 15¢ also has
a straight line shape or a convex curve shape having a larger
radius of curvature than the convex curve formed by the
major cutting edge 15b, so that the thickness of a chip
generated by an inner periphery side portion of the tool main
body 21 1s thin, and 1t 1s possible to suppress an increase in
cutting resistance even when the tool main body 21 1s fed at
a high feed amount.

Further, 1n the cutting insert and the indexable cutting tool
having the above-described configuration, a plurality of
protrusions 18 protruding with respect to the boss surface
12a formed on the polygonal surface 12 around the opening
of the mounting hole 16 are formed on the opening of the
mounting hole 16 1n the two polygonal surfaces 12 of the
insert main body 11 at intervals 1n the peripheral direction 1n
the mner periphery side region of the major cutting edge
156. Therefore, the chip that 1s generated by the major
cutting edge 155 facing the tip end side of the tool main body
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21 and flows out to the inner periphery side of the polygonal
surface 12 1s brought 1nto sliding contact with the protru-
sions 18 located 1n the inner periphery side region of the
major cutting edge 155, and thus it 1s possible to give
resistance to the chip and to control its outflow direction.

For example, since the protrusions 18 are formed at
intervals 1 the peripheral direction, the chip which 1is
brought mto sliding contact with the protrusion 18 1n the
inner periphery side region of the major cutting edge 1556
facing the tip end side of the tool main body 21 and to which
resistance 1s given 1s guided to a portion between the
protrusions 18 adjacent to the subject protrusion 18 1n the
counterclockwise direction in FIG. 2 and 1s curled, and thus
it 1s possible to control the outflow direction such that the
chip does not flow the minor cutting edge 154 extending to
the posterior end side of the tool main body 21 from the
corner edge 154 protruding to the outer periphery side of the
tool main body 21 and to process the chip. Therefore, when
the engraving operation of the pocket 1s performed, it 1s
possible to prevent the chip from being caught between the
minor cutting edge 154 extending from the corner edge 134
to the posterior end side of the tool main body 21 and an
inner wall surface of the pocket and a fracture from being
generated 1n the minor cutting edge 154.

On the other hand, since the plurality of protrusions 18 are
formed on the opening of the mounting hole 16 at intervals
in the peripheral direction, the boss surface 12a of the
polygonal surface 12 can be formed to reach the opening of
the mounting hole 16 in a portion between the intervals, and
the bottom surface 22a of the mnsert mounting seat 22 can
also be formed up to a position close to the opening of the
screw hole 22¢. Therefore, even 1 the protrusions 18 are
formed, 1t 1s possible to prevent an area of close attachment
between the boss surface 12a of the insert main body 11 and
the bottom surface 22a of the insert mounting seat 22 from
becoming too small as compared with a case 1n which the
protrusions 18 are formed over the entire periphery of the
opening of the mounting hole 16. Further, 1f the protrusions
18 are formed over the entire periphery of the opening of the
mounting hole 16 as described above, the chip may remain
in contact with the protrusions 18 to cause an increase in
cutting resistance, however 1n the cutting insert having the
above-described configuration, the protrusions are formed at
intervals 1n the peripheral direction, and thus there 1s no
possibility of causing such an increase 1n cutting resistance.

Moreover, the protrusions 18 are formed on the opening
of the mounting hole 16 on the innermost periphery side of
the boss surface 12a, and 1n the outer periphery side of the
boss surface 12a, it 1s possible to secure the area of close
attachment with the bottom surface 22a of the mnsert mount-
ing seat 22 which 1s the same as the related art. Therefore,
it 1s possible to prevent mounting stability of the cutting
isert from being impaired, the mnsert main body 11 can be
reliably held by the insert mounting seat 22, and stable
cutting can be performed over a long period of time.

Further, 1in the cutting msert of the present embodiment,
the furthest protruding portions 18a of the protrusions 18
which protrude furthest from the boss surface 12a extend
with a predetermined protruding height and a predetermined
length around the opening of the mounting hole 16. There-
fore, not only when a chip having a wide width 1s generated
but also when a chip having a narrow width 1s generated by
the major cutting edge 155, it 1s possible to reliably bring the
chip into sliding contact with the protrusions 18 and to
control the outflow direction, and it 1s also possible to
prevent wear of the protrusions 18 due to the sliding contact
of the chip and to achieve stable chip processing over a long
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period of time. A height difference 1n the direction of the
insert center line L between the furthest protruding portions
18a of the protrusions 18 and a position of the cutting edge
15 which protrudes furthest in the direction of the insert
center line L. (1n the present embodiment, a first end of the
corner edge 15a) 1s preferably 1n the range of 0.4 mm to 1.0
mm. If the height difference 1s less than 0.4 mm, 1t may not
be possible to eflectively control the flow and a discharging
property of the chip, while it becomes diflicult to manufac-
ture an msert main body with a height difference of more
than 1.0 mm.

Further, in the present embodiment, when seen in the
direction facing the polygonal surface 12 of the insert main
body 11, as shown 1n FIGS. 2 and 8, the furthest protruding
portions 18a are located between the straight line M1
connecting the first end of the corner edge 15a and the 1nsert
center line L to each other and the straight line M2 con-
necting the first end of the major cutting edge 155 on the side
opposite to the first end of the corner edge 154 and the 1nsert
center line L to each other. Therefore, when high feeding
processing or high cutting operation 1s performed, the chip
which 1s generated by the major cutting edge 156 and flows
out to the inner periphery side of the polygonal surface by
making the polygonal surface 12 serving as the rake face
straddle the straight lines M1 and M2 can be more reliably
brought into sliding contact with the furthest protruding
portions 18a of the protrusions 18. Further, by bringing the
chip into sliding contact with the furthest protruding por-
tions 18a 1n this manner, it 1s possible to prevent the chip
from coming 1nto sliding contact with the clamp screw 24,
so that it 1s possible to prevent wear of the clamp screw 24
and the mounting stability of the cutting insert can be further
improved.

Here, in a case i which the msert main body 11 has a
triangular plate shape in which the two polygonal surfaces
12 each have three comers as 1n the present embodiment, the
furthest protruding portions 18a of the protrusions 18 are
preferably located 1n an angle range of 15° to 40° centered
on the isert center line L from the straight line M2 con-
necting a first end of the major cutting edge 1556 on the side
opposite to a first end of the corner edge 15a and the insert
center line L to each other toward the corner edge 15a side
with which the major cutting edge 156 1s continuous,
between the straight lines M1 and M2, when seen in the
direction facing the polygonal surface 12.

That 1s, 1n a case 1n which the msert main body 11 having
the triangular plate shape 1s mounted on the tool main body
21, such an angle range 1s a portion which 1s located on the
inner periphery side of the tool main body 21 1n the major
cutting edge 1556 and at which a thin chip 1s generated, and
the furthest protruding portions 18a of the protrusions 18 are
disposed in the inner periphery side region of the major
cutting edge 156 1n such a portion, and thus the outtlow
direction of the entire chip can be efiectively controlled and
the cutting resistance can be further reduced. Further, 1t 1s
also possible to prevent premature wear of the protrusions
18 due to a thick chip scraping the furthest protruding
portions 18a of the protrusions 18.

On the other hand, 1n the cutting msert of the present
embodiment, the cutting edge 15 further includes a minor
cutting edge 154 extending from the second end of the
corner edge 154 to the other cutting edge 15 adjacent to the
second end side of the corner edge 154a. In a case in which
the engraving operation of the pocket 1s performed on a
work material such as a mold by the inclination cutting
operation, the minor cutting edge 154 which 1s located on
the mner periphery side of the major cutting edge 155 facing
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the tip end side of the tool main body 21 as described above
1s also used for cutting. This minor cutting edge 154 extends
to the region of the boss surface 12a on the side opposite to
the corner edge 15a, and 1n the portion extending to the
region of the boss surface 12a, the minor cutting edge 1s
formed on the intersecting ridgeline between the inclined
tace 19a that goes toward the polygonal surface 12 side
opposite to the subject polygonal surface 12 as it goes
toward the outer periphery side of the subject polygonal
surface 12 and the flank face 14.

Theretfore, at the portion of the minor cutting edge 154
which extends to the region of the boss surface 12a, 1t 1s
possible to increase an edge angle of the minor cutting edge
154 and to improve a cutting edge strength. Thus, when the
engraving operation of the pocket 1s performed on the work
material as described above, for example, 1n a state 1n which
the outtlow direction of the chip cannot be sufliciently
controlled by the protrusions 18, even 11 the chip flows from
the corner edge 15a facing the outer periphery side of the
tool main body 21 toward the minor cutting edge 154 side
extending to the posterior end side of the tool main body and
1s caught between the mner wall surface of the pocket and
the minor cutting edge 15d, 1t 1s possible to prevent the
fracture from being generated 1n the minor cutting edge 154.
Therefore, according to the present embodiment, 1n a case 1n
which the msert main body 11 is rotated and reattached and
the engraving operation 1s performed using the new cutting,
edge 15, 1t 1s possible to prevent a situation in which the
minor cutting edge 154 of the new cutting edge 15 becomes
unusable due to the fracture, and 1t 1s possible to reliably use
the plurality of cutting edge 15 formed on the nsert main
body 11.

Further, 1n the present embodiment, to form the minor
cutting edge 154 extending to the region of the boss surface
12a on the intersecting ridgeline between the inclined face
19a and the flank face 14 in this manner, the protruding ridge
portion 19 that protrudes with respect to the boss surface 124
1s formed on the outer peripheral portion of the polygonal
surface 12 along the minor cutting edge 154 of a portion
extending to the region of the boss surface 124, and the
inclined face 194 1s formed on an outer peripheral surface of
the protruding ridge portion 19 facing the outer periphery
side of the polygonal surface 12. For this reason, even 11 the
chip flows toward the minor cutting edge 154 side during the
engraving operation as described above, before the chip 1s
caught between the minor cutting edge 154 and the 1nner
wall surface of the pocket, the chip 1s brought into sliding
contact with an inner peripheral surface of the protruding
ridge portion 19 that protrudes from the boss surface 12a,
which faces the inner periphery side and receives resistance,
and thus the chip 1s curled and processed. Therefore, 1t 1s
possible to prevent the chip from being caught.

In the present embodiment, to form a portion of the minor
cutting edge 154 which extends to the region of the boss
surface 12a on the intersecting ridgeline between the
inclined face 194 and the flank face 14 in this manner, the
protruding ridge portion 19 that protrudes with respect to the
boss surtace 12a 1s formed on the outer peripheral portion of
the polygonal surface 12 along the minor cutting edge 154
ol a portion extending to the region of the boss surface 12a,
and the outer peripheral surface of the protruding ridge
portion 19 1s formed as the inclined face 19qa, but, without
forming such a protruding ridge portion 19, as 1n a second
embodiment of the cutting insert of the present mmvention
shown 1n FIGS. 25 to 31, the chamfered inclined face 19a
that 1s 1nclined toward the opposite polygonal surface 12
side without protruding with respect to the boss surface 12a
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as 1t goes toward the outer periphery side may be formed 1n
the outer peripheral portion of the polygonal surface 12 in
the region of the boss surface 124, and a portion of the minor
cutting edge 154 which extends to the region of the boss
surface 12a may be formed on the intersecting ridgeline
between the inclined face 19a and the flank face 14.

Even 11 the chamiered inclined face 194 1s formed and the
minor cutting edge 154 1s formed on the intersecting ridge-
line between the flank face 14 and the chamifered inclined
face 19a 1n this manner, a large edge angle of the minor
cutting edge 154 1n the region of the boss surface 12a can be
ensured and the cutting edge strength can be improved, and
thus 1t 1s possible to prevent the fracture from being gener-
ated 1 the minor cutting edge 154 even 1f the chip 1s caught
between the mner wall surface of the pocket and the minor
cutting edge 154. In the second embodiment shown 1n FIGS.
25 to 31 and third and fourth embodiments that will be
described later, the same parts as those of the first embodi-
ment are designated by the same reference signs and a
description thereol will be omuitted.

In the first embodiment, the boss surface 12a 1s perpen-
dicular to the insert center line L, whereas the inclined
portion 125 that 1s inclined to protrude 1n the direction of the
insert center line Las 1t goes toward the cutting edge 15 side
1s formed 1n the outer peripheral portion of the polygonal
surface 12, and the comer edge 154, the major cutting edge
155, and the portion of the minor cutting edge 154 which 1s
in contact with the comer edge 15a are formed on the
intersecting ridgeline between the inclined portion 126 and
the flank face 14. Therefore, 1t 1s possible to increase a rake
angle of each of the corner edge 154 and the major cutting
edge 15b to a regular angle side to ensure sharp cutting
quality, and 1t 1s possible to reduce the cutting resistance at
the time of the high feeding processing or the high cutting
operation.

In the first embodiment, the inclined portion 126 1s
inclined to protrude 1n the direction of the insert center line
L. at a predetermined inclination as 1t goes from the boss
surface 12a toward the cutting edge 15 side except that it has
a positive land on the cutting edge 15 side. However, as 1n
a third embodiment of the cutting insert of the present
invention shown in FIGS. 32 to 38, particularly 1n FIG. 38,
in a cross section orthogonal to the major cutting edge 155,
the inclined portion 126 may have a first steeply inclined
portion 20q that protrudes 1n the direction of the insert center
line L as 1t goes from the boss surface 12a toward the major
cutting edge 156 side, a gently inclined portion 2056 that 1s
continuous with the first steeply inclined portion 20a on the
major cutting edge 1556 side and protrudes 1n the direction of
the insert center line L at a gradient gentler than the first
steeply inclined portion 20a as it goes toward the major
cutting edge 155 side, and a second steeply inclined portion
20c¢ that 1s continuous with the gently inclined portion 205
on the major cutting edge 156 side and protrudes 1n the
direction of the insert center line L at a gradient steeper than
the gently inclined portion as 1t goes toward the major
cutting edge 155 side.

By providing the first and second steeply inclined portions
20a and 20c¢ and the gently inclined portion 206 as described
above, when the chip flows from the second steeply inclined
portion 20c¢ to the gently inclined portion 205, or when the
chip flows from the gently inclined portion 206 to the first
steeply inclined portion 204, it 1s possible to give resistance
to the chup, and, particularly 1n the high feeding processing,
even 1n a case 1 which a distance from the cutting edge 15
to the boss surtface 12a or a height difference therebetween
in the direction of the insert center line L 1s large, 1t 1s
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possible to 1mprove a processing property of the chip.
Preferably, connecting portions between the first and second
steeply inclined portions 20aq and 20¢ and the gently inclined
portion 206 are smoothly connected 1n a concave-convex
curved shape 1n a cross section orthogonal to the major
cutting edge 155 as shown in FIG. 38. Preferably, the first
and second steeply inclined portions 20aq and 20c¢ and the
gently inclined portion 206 are substantially similar 1n a
cross section orthogonal to the cutting edge 15 over the
entire length of the cutting edge 15 formed on the inclined
portion 125.

Nest, FIGS. 39 to 45 show a fourth embodiment of a

cutting insert of the present mnvention. The fourth embodi-
ment has a first region 1 which a rake angle 1n the cross
section along the insert center line L gradually increases as
it goes from the end portion of the major cutting edge 1556
on the side opposite to the corner edge 15a toward the corner
edge 15q side, a second region in which the rake angle
gradually decreases as i1t goes from the first region toward
the corner edge 15q side, and a third region 1n which the rake
angle gradually 1ncreases 1n the range smaller than the first
region as it goes from the second region toward the minor
cutting edge 154 side 1n a portion including at least a part of
the corner edge 154 and the minor cutting edge 154, and the
rake angle in the third region is 1n the range of 15° to 18°.

Further, the cutting edge 15 may have a fourth region in
which the rake angle gradually decreases at a rate of change
larger than in the first to third regions as 1t goes from the
third region toward the end portion of the minor cutting edge
154 on a side opposite to the corner edge 15a. Further, the
rake angle 1n the second region may be in the range of 15°
to 25°. Furthermore, 1n a case 1n which the msert main body
11 has a trniangular plate shape in which the two polygonal
surfaces 12 each have three corners, the position where the
rake angle 1s maximum at a boundary between the first
region and the second region may be 1n the angle range of
15° to 45° from a straight line passing through the end
portion of the major cutting edge 155 on the side opposite to
the comer edge 15q and the insert center line L toward the
corner edge 15a side centered on the insert center line L,
when seen in the direction facing the polygonal surface 12
along the insert center line L.

In the cutting insert of the fourth embodiment as
described above, particularly in the high cutting operation, a
portion from the end portion of one major cutting edge 155
facing the tip end side of the tool main body 21 on the side
opposite to the comer edge 154 to the corner edge 15a facing
the outer periphery side of the tool main body 21 and a
portion of the minor cutting edge 154 extending from the
second end of the corner edge 15a on the cormer edge 15qa
side are exclusively used for cutting.

Here, 1n the portion of the tool main body 21 on the inner
periphery side which goes from the end portion of the major
cutting edge 155 on the side opposite to the corner edge 15a
toward the corner edge 15a side, a relatively thin chip 1s
generated, but in the cutting nsert of the fourth embodiment,
this portion 1s the first region in which the rake angle in the
cross section along the insert center line L gradually
increases, the outtlow direction can be controlled to guide
the entire chip that 1s generated 1n a wide width by giving
sharp cutting quality to the major cutting edge 1556 to the
inner periphery side (the axis O side) of the tool main body
21, that 1s, to guide the chip to the protrusions 18 side while
the cutting edge strength with respect to the thin chip 1s
ensured, and the processing property of the chip can be
improved.
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Further, the portion that goes from the first region toward
the major cutting edge 1556 on the corner edge 1354 side 1s the
second region 1 which the rake angle gradually decreases,
and 1t 1s possible to secure the cutting edge strength and to
prevent the fracture or the like against a case 1n which the
thickness of the chip gradually increases as 1t goes toward
the outer periphery side of the tool main body 21 and cutting
load or stress increases.

Further, the portion including at least a part of the corner
edge 15a and the minor cutting edge 154 from the second
region 1s the third region in which the rake angle gradually
increases in the range smaller than that in the first region as
it goes toward the minor cutting edge side. Therefore, 1n the
third region which 1s located on the outermost periphery of
the tool main body 21, the rake angle gradually increases as
it goes toward the minor cutting edge 154 side while
maintaining the cutting edge strength by the rake angle
reduced passing through the second region, and thus the chip
can be wound 1nto the inner periphery side of the tool main
body 21 with a small curl diameter, 1t 1s possible to prevent
the chip from being caught in combination with the
improvement ol the chip discharging property by the first
region, and a preferable machined face quality can be
obtained. Since the rake angle of the cutting edge 15 1n the
third region 1s 1n the range of 15° to 18°, 1t 1s possible to
more reliably secure the cutting edge strength and to prevent
the chip from being caught.

INDUSTRIAL APPLICABILITY

The fracture of the cutting edge due to the chip being
caught can be prevented without impairing the mounting
stability of the cutting insert on the insert mounting seat even
i the high feeding processing, the high cutting operation, or
the engraving operation of the pocket 1s performed, and
stable cutting can be performed over a long period of time.

REFERENCE SIGNS LIST

11 Insert main body

12 Polygonal surface

12a Boss surface

126 Inclined portion

13 Side surface

14 Flank face

15 Cutting edge

15a Corner edge

156 Major cutting edge

15¢ Wiper edge

154 Minor cutting edge

16 Mounting hole

17 Insert constraining surface

18 Protrusion

18a Furthest protruding portion of protrusion 18

19 Protruding ridge portion

19a Inclined face

196 Furthest protruding portion of protruding ridge por-
tion 19

20a First steeply inclined portion

206 Gently inclined portion

20¢ Second steeply inclined portion

21 Tool main body

22 Insert mounting seat

22a Bottom surface of msert mounting seat 22

22b Wall face of insert mounting seat 22

22¢ Screw hole

224 Accommodation recess
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23 Chip pocket

24 Clamp screw

L Insert center line

O Axis of tool main body 21

T Tool rotation direction

What 1s claimed 1s:

1. A cutting 1nsert comprising:

a polygonal plate-shaped insert main body that includes:
two polygonal surfaces which have a polygonal shape
and of which one serves as a rake face and the other
serves as a seating surface; a side surface which 1s
arranged around the two polygonal surfaces and 1n
which a flank face intersecting with the rake face of the
polygonal surfaces 1s formed; and a cutting edge which
1s formed on an intersecting ridgeline between the rake
face and the flank {face,

wherein the msert main body has a mounting hole that
penetrates the msert main body centered on an insert
center line passing through centers of the two polygo-
nal surfaces, has a rotationally symmetrical shape with
respect to the insert center line, and has a front-back
iversion symmetrical shape with respect to the two
polygonal surfaces,

wherein the cutting edge includes at least a corner edge
located at a corner of the polygonal surface and a major
cutting edge extending from a first end of the corner
edge,

wherein, 1n an opening of the mounting hole 1n the two
polygonal surfaces, a plurality of protrusions protrud-
ing with respect to a boss surface formed around the
opening of the mounting hole are formed at intervals 1n
a peripheral direction 1n an inner periphery side region
of the major cutting edge, and

wherein, 1 the protrusions, when seen in a direction
facing the polygonal surface, furthest protruding por-
tions which protrude furthest from the boss surface are
located between a straight line connecting the first end
of the comer edge and the insert center line to each
other and a straight line connecting a first end of the
major cutting edge on a side opposite to the first end of
the corner edge and the insert center line to each other,

in the protrusions, the furthest protruding portions which
protrude furthest from the boss surface extend with a
predetermined length around the opening of the mount-
ing hole,

the 1insert main body has a triangular plate shape 1n which
cach of the two polygonal surfaces has three corners,
and

when seen 1n the direction facing the polygonal surface,
the turthest protruding portions are located 1n an angle
range ol 15° to 40° centered on the insert center line
from the straight line connecting the first end of the
major cutting edge on the side opposite to the first end
of the comer edge and the insert center line to each
other toward the corner edge side, and

cach of the furthest protruding portions 1s located oilset
from the corner edge in a peripheral direction of the
insert.

2. The cutting 1nsert according to claim 1,

wherein the cutting edge further includes a minor cutting
edge extending from a second end of the comer edge
toward the other cutting edge adjacent to a second end
side of the comer edge, and

wherein the minor cutting edge extends to a region of the
boss surface at least on a side opposite to the corner
edge, and 1n a portion extending to the region of the
boss surface, the minor cutting edge 1s formed on an
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intersecting ridgeline between an inclined face that
goes toward the polygonal surface side opposite to the
subject polygonal surface as the inclined face goes
toward an outer periphery side of the subject polygonal
surtace and the flank face.

3. The cutting 1nsert according to claim 2,

wherein, 1n an outer peripheral portion of the polygonal

surface, a protruding ridge portion that protrudes with
respect to the boss surface 1s formed along the minor
cutting edge of the portion extending to the region of
the boss surface, and

wherein the inclined face 1s formed on an outer peripheral

surface of the protruding ridge portion facing the outer
periphery side of the polygonal surtace.

4. An indexable cutting tool 1n which the cutting insert
according to claim 3 1s detachably mounted on an insert
mounting seat formed on an outer periphery of a tip end
portion of a tool main body which 1s rotated around an axis
in such a manner that a clamp screw which 1s nserted into
the mounting hole 1s screwed 1nto a screw hole formed 1n a
bottom surface of the insert mounting seat which faces in a
tool rotation direction,

wherein, 1n the isert main body, one polygonal surface of

the two polygonal surfaces 1s caused to serve as a rake
face and to face in the tool rotation direction, and the
boss surface of the other polygonal surface is closely
attached to the bottom surface of the insert mounting,
seat,

wherein the 1nsert main body 1s mounted 1n such a manner

that the one corner edge of the one polygonal surface 1s
caused to face an outer periphery side of the tool main
body and the one major cutting edge extending from a
first end of the one corner edge 1s caused to face a tip
end side of the tool main body, and

wherein, 1n the bottom surface of the insert mounting seat,

accommodation recesses for accommodating the pro-
trusions ol the other polygonal surface are formed
around an opening of the screw hole.

5. An indexable cutting tool 1n which the cutting insert
according to claim 2 1s detachably mounted on an insert
mounting seat formed on an outer periphery of a tip end
portion of a tool main body which 1s rotated around an axis
in such a manner that a clamp screw which 1s mserted nto
the mounting hole 1s screwed 1nto a screw hole formed 1n a
bottom surface of the 1nsert mounting seat which faces in a
tool rotation direction,

wherein, 1n the isert main body, one polygonal surface of

the two polygonal surfaces 1s caused to serve as a rake
face and to face 1n the tool rotation direction, and the
boss surface of the other polygonal surface 1s closely
attached to the bottom surface of the insert mounting
seat,

wherein the insert main body 1s mounted in such a manner

that the one corner edge of the one polygonal surface 1s
caused to face an outer periphery side of the tool main
body and the one major cutting edge extending from a
first end of the one corner edge 1s caused to face a tip
end side of the tool main body, and

wherein, 1n the bottom surface of the insert mounting seat,

accommodation recesses for accommodating the pro-
trusions ol the other polygonal surface are formed
around an opening of the screw hole.

6. The cutting insert according to claim 1,

wherein the boss surface 1s a plane perpendicular to the

insert center line, and

wherein an inclined portion that 1s inclined to protrude 1n

a direction of the insert center line as the inclined
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portion goes from the boss surface toward the cutting
edge side 1s formed on the polygonal surface.
7. The cutting insert according to claim 6, wherein, 1 a

cross section orthogonal to the major cutting edge, the
inclined portion has: a first steeply inclined portion that
protrudes 1n the direction of the 1nsert center line as the first
steeply inclined portion goes from the boss surface toward
the major cutting edge side; a gently inclined portion that 1s
continuous with the first steeply inclined portion on the
major cutting edge side and protrudes in the direction of the
isert center line at a gradient gentler than the first steeply
inclined portion as the gently inclined portion goes toward
the major cutting edge side; and a second steeply inclined
portion that 1s continuous with the gently inclined portion on
the major cutting edge side and protrudes 1n the direction of
the insert center line at a gradient steeper than the gently
inclined portion as the second steeply inclined portion goes
toward the major cutting edge side.

8. An indexable cutting tool in which the cutting insert
according to claim 7 1s detachably mounted on an insert
mounting seat formed on an outer periphery of a tip end
portion of a tool main body which 1s rotated around an axis
in such a manner that a clamp screw which 1s 1nserted into
the mounting hole 1s screwed 1nto a screw hole formed 1n a
bottom surface of the 1nsert mounting seat which faces in a
tool rotation direction,

wherein, 1n the insert main body, one polygonal surface of

the two polygonal surfaces 1s caused to serve as a rake
face and to face in the tool rotation direction, and the
boss surface of the other polygonal surface 1s closely
attached to the bottom surface of the insert mounting
seat,

wherein the insert main body 1s mounted i such a manner

that the one corner edge of the one polygonal surface 1s
caused to face an outer periphery side of the tool main
body and the one major cutting edge extending from a
first end of the one corner edge 1s caused to face a tip
end side of the tool main body, and

wherein, in the bottom surface of the insert mounting seat,

accommodation recesses for accommodating the pro-
trusions ol the other polygonal surface are formed
around an opening of the screw hole.

9. An mdexable cutting tool in which the cutting insert
according to claim 4 1s detachably mounted on an insert
mounting seat formed on an outer periphery of a tip end
portion of a tool main body which 1s rotated around an axis
in such a manner that a clamp screw which 1s inserted into
the mounting hole 1s screwed 1nto a screw hole formed 1n a
bottom surface of the insert mounting seat which faces 1n a
tool rotation direction,

wherein, 1n the insert main body, one polygonal surface of

the two polygonal surfaces 1s caused to serve as a rake
face and to face 1n the tool rotation direction, and the
boss surface of the other polygonal surface 1s closely
attached to the bottom surface of the insert mounting
seat,
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wherein the 1nsert main body 1s mounted 1n such a manner
that the one corner edge of the one polygonal surface 1s
caused to face an outer periphery side of the tool main
body and the one major cutting edge extending from a
first end of the one corner edge 1s caused to face a tip
end side of the tool main body, and

wherein, 1n the bottom surface of the insert mounting seat,

accommodation recesses for accommodating the pro-
trusions of the other polygonal surface are formed
around an opening of the screw hole.

10. An indexable cutting tool 1n which the cutting insert
according to claim 1 1s detachably mounted on an insert
mounting seat formed on an outer periphery of a tip end
portion of a tool main body which 1s rotated around an axis
in such a manner that a clamp screw which 1s 1nserted into
the mounting hole 1s screwed 1nto a screw hole formed 1n a
bottom surface of the 1nsert mounting seat which faces in a
tool rotation direction,

wherein, 1n the isert main body, one polygonal surface of

the two polygonal surfaces 1s caused to serve as a rake
face and to face 1n the tool rotation direction, and the
boss surface of the other polygonal surface is closely
attached to the bottom surface of the insert mounting,
seat,

wherein the insert main body 1s mounted in such a manner

that the one corner edge of the one polygonal surface 1s
caused to face an outer periphery side of the tool main
body and the one major cutting edge extending from a
first end of the one corner edge 1s caused to face a tip
end side of the tool main body, and

wherein, 1n the bottom surface of the insert mounting seat,

accommodation recesses for accommodating the pro-
trusions ol the other polygonal surface are formed
around an opening of the screw hole.

11. The cutting insert according to claam 1, wherein
protruding heights the furthest protruding portions from the
boss surface 1s 1n a range of 0.1 mm to 0.15 mm.

12. The cutting msert according to claim 1,

wherein, 1n an outer peripheral portion of the polygonal

surface, a protruding ridge portion that protrudes with
respect to the boss surface 1s formed along the minor
cutting edge of the portion extending to the region of
the boss surface,

the inclined face 1s formed on an outer peripheral surface

of the protruding ridge portion facing the outer periph-
ery side of the polygonal surface,

the boss surface 1s a plane perpendicular to the insert

center line,

an inclined portion that 1s inclined to protrude 1n a

direction of the insert center line as the inclined portion
goes from the boss surface toward the cutting edge side
1s formed on the polygonal surface, and

the protruding ridge portion and the inclined portion are

formed 1n an inside part of an outer periphery part of
the nsert alternately.
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